Trend analysis of atmospheric aerosols enhances confidence in the evaluation of both direct and indirect effects of aerosols on regional climate change. To comprehensively achieve this over East Africa, it's important to understand aerosols temporal characteristics over well selected sites namely Nairobi (1˚S, 36˚E), Mbita (0˚S, 34˚E), Mau Forest (0.0˚S -0.6˚S; 35.1˚E -35.7˚E), Malindi (2˚S, 40˚E), Mount Kilimanjaro (3˚S, 37˚E) and Kampala (0˚N, 32.1˚E). In this context, trend analysis (annual (in Aerosol Optical Depth (AOD) at 550 nm and Ångström Exponent Anomaly (ÅEA) at 470 -660 nm) and seasonal (AOD)) from Moderate Resolution Imaging Spectroradiometer (MODIS) were performed following the weighted least squares (WLS) fitting method for the period 2000 to 2013. The MODIS AOD annual trends were ground-truthed by AErosol RObotic NETwork (AERONET) data. Tropical Rainfall Measurement Mission (TRMM) was utilized to derive rainfall rates (RR) in order to assess its influence on the observed aerosol temporal characteristics. The derived annual AOD trends utilizing MODIS and AERONET data were consistent with each other. However, monthly AOD and RR were found to be negatively correlated over Nairobi, Mbita, Mau forest complex and Malindi. There was no clear relationship between the two trends over Kampala and Mount Kilimanjaro, which may imply the role of aerosols in cloud modulation and hence RR received. Seasonality is evident between AOD and ÅEA annual trends as these quantities were observed to be modulated by RR. AOD was observed to decrease over East Africa except Nairobi during the study period as a result of RR during the study period. Unlike the other study sites, Nairobi shows positive trends in AOD that may be attributed to increasing populace and fossil fuel, vehicular-industrial emission and biomass and refuse burning during the study period. Negative trends over the rest of the study sites were associated to rain washout. The AOD and ÅEA derived annual trends were found to meet the statistical significance of 95% confidence level over each How to cite this paper: Makokha,
Introduction
Atmospheric aerosols influence the Earth's atmospheric energy budget and therefore climate through direct and indirect means (Intergovernmental Panel on Climate Change) [1] [2] . Aerosols directly influence climate by absorbing and scattering solar radiation which yields a warming and cooling effect, respectively on the immediate atmosphere. Likewise, aerosols indirectly modify the properties of clouds by acting as Cloud Condensation Nuclei (CCN) that aid in the formation of clouds. The complex nature of atmospheric aerosols both spatially and temporally together with their short lifetime enhances uncertainties in the quest to estimate their direct and indirect effects on climate forcing.
Understanding the spatial and temporal variability of atmospheric aerosols on both regional and global scales requires long-term satellite measurements of high fidelity, from which we can then evaluate aerosol effects in climate models [3] [4] [5] . To enhance accuracy in the calculated regional and global aerosol trends, we utilized satellite data from MODIS to assess the utility of east Africa's atmospheric aerosol properties in the accurate estimation of regional climate trends/models. .18000, while insignificant trends of no statistical significance is reported over desert regions in China [7] . In contrast, [8] has reported decreasing trends in various aerosol optical parameters over Cape Town, Bloemfontein, and Durban in South Africa due to implementation of environmental protection laws.
The reducing Saharan dust export from North Africa to Western and Atlantic regions has led to the observed negative trends of −0.00400 ± 0.00140 yr −1 with ( ) ω ω σ of 2.81 [9] . There is also a notable long-term seasonal pattern in both AOD and Ångström Exponent (ÅE) over the West African region attributable to local climate [10] [11] . Additionally, this region is experiencing observable decreasing trends of dust aerosol due to decreasing dust activity i.e. +0.22% yr It is evident that accurate diagnosis of the regional aerosol influence on climate models requires long-term and accurate identification of aerosol sources and sinks. For example, over East Africa, aerosol source regions are greatly influenced either anthropogenically or naturally [19] . In the previous case, fine mode aerosols over urban, industrialized and densely populated regions (Nairobi and Kampala) are mainly due to gas-to particle conversion mechanism of aerosols (fossil fuel, industrial-vehicular emissions, biomass and refuse burning) [20] . Biomass burning and deforestation activities in the recent years have impacted highly on the regional aerosol loading that modulate climate e.g. the disappearance of Mount Kilimanjaro glaciers and the Mau Forest Complex [21] [22]. Moreover, the latter case constitutes mainly coarse mode aerosols from dust loading, farming and maritime conditions i.e. sea salt and spray aerosols (Malindi), Lake-land air mass exchange (Mbita) and long distance transport of aerosols from the Arabian Peninsula desert via Monsoon winds over Malindi [19] .
These factors (i.e. anthropogenic and natural activities coupled with variable seasonality, aerosol complexities and their short lifetime) hamper the efforts to accurately quantify the influence of aerosols on climatic models. Therefore, the remedy to unscramble the paradox is to use long-term satellite measurements with appreciable accuracy to study decadal aerosol annual and seasonal trends in AOD and Ångström Exponent Anomaly (ÅEA). In this way, we shall be in position to examine, understand and explain aerosol effects on regional weather and climate systems, as well as on air quality [3] . The current study reports the trends in both AOD (at 550 nm) and ÅEA (at 470 -660 nm) over selected sites desert and biomass burning events with reduced scavenging of aerosols from the atmosphere through dry deposition. The selection of the study sites with its details (see Table 1 ) was based on physical features that are known to profoundly modify aerosol characteristics in the immediate atmosphere and the availability of AERONET stations at some of the study sites for easier ground truthing as shown in Figure 1 . 1) The AERONET site should have more than three complete years of observation history limited to within the span of the study.
Modis and Aeronet Observations
2) To complete a yearly data set is composed of more than seven qualified monthly averages.
Although a minimum of three year time series is insufficiently short for a statistically significant trend analysis, aided in ground truthing of MODIS results.
Thus following this criterion, Nairobi, Mbita and Malindi AERONET sites in Kenya were utilized. Since actual validation of MODIS AOD has been a subject . This is because the WLS method (see Equation (1)) handles regression situations in which the data points are of varying quality [31] .
, 1, 2, ,
where t Y is the time series, µ is a constant term, ω is the magnitude of the trend per year ( 12 The statistical significance of the calculated trends has been assessed using the WLS method described by [31] . It is shown that the uncertainty ( ω σ ) on the estimated trend can be approximated by:
In Equation (2) [31] . ÅEA was computed by determining the difference between ÅE monthly variation and the average over all the years under consideration for each grid cell. Thus, utilizing the WLS method, the annual trend in both AOD and ÅEA was treated as a simple linear model that minimizes chisquare error statistics was adopted as shown in Equation (1). It is worth noting that the least squares fit described in Equation (1) was applied to both AOD and ÅEA time series to get the slope coefficient of the linear regression that represents the annual trend in each of the two optical properties.
Seasonal Trends
There is a strong seasonality in both emission intensities of natural and anthropogenic aerosols over the East African region [10] . Thus, a trend analysis was 
Results and Discussions

Meteorological Influence on Aerosol Optical Depth
Tropical Rainfall Measurement Mission (TRMM) derived rainfall rate (RR) (mm/hr) data at 0.25˚ × 0.25˚ latitude longitude resolution from 2000 to 2013 are used in the study to examine corresponding correlation between monthly AOD and RR absolute values, if any, over the study sites. Before performing a correlation analysis, pre-treatment of the daily absolute values of AOD ≥ 1 and their corresponding RR were excluded from the analysis. This was meant to increase the reliability of the monthly absolute values of the two products before correlation analysis. The annual RR trends (Table 2) were calculated in a similar way as the annual AOD trends. A negative correlation between monthly AOD and RR absolute values is noted in Figures 2(a)-(c) . An increase in RR translates to a rise in aerosol scavenging from the atmosphere and the prevention of aerosol emissions from the wet surface, hence low AOD values over the study location. During dry periods, the residue varies freely due to aerosol emissions from deserts and biomass burning events. Moreover, reduced aerosol scavenging through dry deposition doesn't effectively remove aerosol particles from the atmosphere, leading to high AOD values over the study location. On the other 
Regional Trends
Trend Analysis of MODIS Terra and AERONET AOD (550 nm)
Based on the criterion for the selection of an AERONET site, AOD level 1.5 data over Nairobi, Mbita and Malindi was utilized to compute a trend analysis of AOD for both AERONET (in Table 3 ) and MODIS Terra (in Table 4 Thus, a positive trend in AERONET AOD is as a result of a negative trend in RR trend and vice versa.
Annual Trends of Aerosol Optical Depth and Ångström Exponent
Due to the limited AERONET AOD data that is insufficiently for a statistically significant trend analysis, the annual trends for both MODIS Terra AOD absolute values and ÅEA over the study sites were computed as shown in Table 4 .
The MODIS Terra AOD and ÅEA trend analysis were calculated from February 2000 to December 2013.
In general, the derived MODIS Terra AOD and ÅEA annual trends from 2000 Table 3 . Annual AERONET AOD product trend over Nairobi, Mbita and Malindi (bold and italic for 95% significant and italic for 90% significant data). to 2013 were found to be either positively/negatively considerable but significantly modulated by the RR trends over each of the study site (see Table 2 and Table 4 in annual trends for RR respectively (see Table 2 ). Nairobi's annual trends in Table 4 ). From Table 4 , most values of the derived annual trends for the two aerosol products are found to meet the statistical significance of 95% confidence level.
It is also evident from the results shown in Table 4 Table 4 ). This negative trend is related to increasing RR that hinders dust loading and biomass burning activities for agri- respectively. These observed trends over the site are majorly modulated by dwindling RR (see Table 2 ) as a result of biomass burning and deforestation activities around the site [23] . Likewise, Mau forest complex experiences the dwindling RR (see Table 2 ) that are negatively correlated to the observed AOD an- Table 4 ). Negligible annual trends in the two aerosol products (see Table 4 ) of significant at the 95% confidence level is noted, therefore, aerosol characteristics over the site have relatively remained constant during the study period.
Seasonal Trends of Aerosol Optical Depth
MODIS AOD time series (see Figure 3 ) and seasonal trends together with their corresponding uncertainties for the said period of study over the sites are shown (see Table 5 ). It is notable that on average, except Nairobi, most of the study sites have negative trend in AOD for all seasons during the study period. This negative trend was attributed to the transported pollution inlands since the region experiences dominant South Easterlies and North Easterlies during greater period of the year [24] . On the other hand, Nairobi's positive trend of 0.0004 ± 0.00021 during the dry season (DJF and JJA) attributable to anthropogenic influences e.g. increasing populace, vehicular and industrial emissions [20] . During the wet season, each site of study experiences a higher magnitude of negative AOD trends as compared to the dry season (except Mbita) (see Table 5 ) significantly at between 90% to 95% range confidence levels. This is because of enhanced scavenging of aerosol particles in the atmosphere via rain washout and also minimized dust loading and wood locking during the wet season [24] . This result is similar to the results reported by [6] over West Africa region.
On the other hand, the negative trend observed for Mbita during the dry season is almost double that of the wet season as a result of decreasing biomass burning activities which have significantly decreased in frequency during the study period [19] [24] . Mau Forest complex shows an insignificant negative trend of (−0.0007 ± 0.00038) during the dry season that is attributable to continuing biomass burning and forest clearance for agricultural use even after the process of land reclamation that stated in 2008 [22] . However, for wet season, we note a significant negative trend of (−0.0032 ± 0.00044) as a result of limited dust loading and biomass burning during the study period. Likewise, Mount Kilimanjaro has been reclaimed in the recent past restraining the negative impacts of deforestation hence, explaining the negative seasonal trend in AOD during the study period [23] .
Conclusion
Assessment of anthropogenic influence of atmospheric aerosols requires a comprehensive quantification of the temporal characteristics which significantly vary spatially. To aid in the quest to quantify aerosols effects on both regional and global climate change, we have reported on more than a decade trend analysis of aerosol optical properties over the region. MODIS Terra monthly AOD and ÅE Aerosol optical properties seasonal variability is evident during the study period.
Future characterization of more radiative characteristics over the area of study is recommended.
